In this paper, we examine the ei ciency of the transmission of information across the stock markets of Bulgaria, the Czech Republic, Hungary, Poland, Romania, and Slovakia, as well as the relative importance and inl uence of advanced equity markets of Germany and France on the abovementioned markets. The analysis is carried out using maximum likelihood regressions, Generalized Autoregressive Conditional Heteroskedastic (GARCH) models, and vector autoregression (VAR) estimations. The empirical results suggest that the Central and Eastern European stock markets react to the arrival of price innovations from Germany and France, but national stock market price innovations account for more error variance compared to those of Germany and France, and generally show an increasing responsiveness over time, which could be interpreted as progress in the European i nancial integration.
Introduction
The integration of fi nancial markets in Central and Eastern Europe (CEE) emerged subsequent to the collapse of the Soviet Union, the reunifi cation of Germany, and the adoption and growth of the market economy. This fi nancial integration intensifi ed following the creation and expansion of the European Union (EU), when it offered membership to CEE countries. The stock markets of Eastern and Western Europe have increasingly become more inter-connected, as CEE fi nancial markets continued to develop, and daily trading volume and total market capitalization to grow signifi cantly. This process of fi nancial integration in European countries has taken place concurrently with the overall globalization of fi nancial markets in general, and equity markets in particular.
Stronger integration of fi nancial markets in the presence of internationalization may reduce the power and advantage of diversifi cation; nonetheless, the dissemination of managers with valuable information regarding asset pricing, as well as the characteristics of spillover effects in these markets.
The empirical results of our study generally suggest that, while the CEE equity markets are infl uenced by their own price innovations and internal shocks, we observe some reaction from the CEE stock markets to the arrival of price innovations from Germany and France. Nevertheless, the pattern and nature of these reactions and responses are mixed across the markets under study. In addition, we observe that the national market price innovations account for more of the error variance for daily returns than the price innovations from the stock markets of Germany or France.
The rest of the paper proceeds as follows: Section 2 briefl y describes the development of CEE equity markets during pre-and post-accession to the EU. Section 3 explains the data and the methodologies used. Section 4 discusses the empirical results, while Section 5 offers conclusions.
A Brief Review of Central and Eastern European Stock Markets
In the last twenty years, European stock markets have experienced impressive changes due to various alliances, acquisitions and mergers. Especially, during the last ten years, the landscape of the European stock markets was transformed because of the demutualization of stock exchanges, mergers and acquisitions, consolidation and fragmentation (Erkan, 2008) . At the same time, the majority of not-for-profi t stock exchanges converted to for-profi t status, and large stock exchange groups emerged in Europe. The creation of Euronext in 2000, the fi rst merger between three stock markets from three different countries, namely Amsterdam, Brussels and Paris Stock Exchange, fueled an intense ambition for cross-border mergers and acquisitions among the stock exchanges worldwide. OMX, after several acquisitions, mergers and alliances, succeeded to concentrate seven Nordic and Baltic stock markets. When NASDAQ agreed to buy the OMX Group on May 25, 2007, the NYSE Group had already merged with Euronext to form the fi rst global exchange, signalling the beginning of a new era of stock exchange groups' involvement in operations across two continents. Similarly, the intention of merger between Deutsche Börse AG and NYSE Euronext Inc. and the London Stock Exchange with Canada's TMX Group, demonstrated the increasing competition among stock exchanges, and the strive for the fi rst positions in the global hierarchy of market capitalizations.
In addition to considerable merger and acquisition activity at the top of world market capitalizations, there has also been activity at middle-range market capitalizations for alliances, mergers and/or acquisitions. Beyond those mentioned above, several other stock exchanges have expanded their control abroad and across Europe. For instance, during recent years, the Warsaw, Vienna and Athens Stock Exchanges have been the major players in the CEE area, showing a tremendous amount of enthusiasm for partnerships or acquisitions to expand their regional infl uence.
Since 2000, 2005, 2010 and 2011 . As shown, the Polish Stock Exchange has enjoyed the highest market capitalization in the CEE area during the last decade. Using Vienna for comparison, the Polish Stock Exchange has posted 51.14% higher market capitalization compared to the Vienna Stock Exchange in 2011, with a signifi cantly higher number of listed companies. Considering the fi nancial dimensions of the two countries, the growth potential for the Polish market seems to be plausible. Prague, Budapest or Ljubljana stock markets alone remain among the smallest European markets, but the CEESEG aggregated capitalization, including Vienna, is the highest in the region.
After the creation of CEESEG, the potential for expansion in the CEE region became limited. Consequently, among the new EU members, only the Bucharest, Sofi a and Bratislava stock exchanges stayed out of an alliance. To increase the regional infl uence, the stock exchanges interested in expansion turned their attention towards the emerging European markets outside the European Union. For instance, the Vienna Stock Exchange established cooperation arrangements with several small Balkan stock markets, including Sarajevo, Montenegro, Banja Luka, and Macedonia stock exchanges.
In July 2011, the Bucharest Stock Exchange (BSE) purchased 5% of the shares from the Moldavian Stock Exchange, the only stock exchange in the Republic of Moldova. The BSE also showed an interest in participating in the privatization process of the Bulgarian stock exchange, which was transformed to a public company in December 2010. In April 2011, the CEO of the Bucharest Stock Exchange said that it had 5 million euros prepared to invest in the regional expansion. Similarly, in early November 2011, the Bucharest and Bulgarian Stock Exchanges signed a Memorandum of Understanding.
These transformations imply an environment of continuously changing landscapes, and strive for development. Moreover, the intense integration among the equity markets could lead to easier contagion/diffusion of information. With similar infrastructures, same intermediaries, and investors, the European fi nancial setting favours an increasing responsiveness and a stronger reaction to price innovations from more mature markets. 
Data and Methodology

Data
We use daily closing values of stock market indexes from Germany and France to represent continental Europe, and Bulgaria, the Czech Republic, Hungary, Poland, Romania and Slovakia to represent the CEE markets. The sample covers a period from January 10, 2000 to September 30, 2010 for all indexes, except for Bulgaria, which starts on October 23, 2000. All of the daily stock market indexes were collected from Global Financial Data. We assume that stock price innovations capture all market related information. We compute daily returns for each stock market using the daily closing values of each stock market index as follows:
Where:
R it = the daily return of stock market index i on day t; ln = natural log; I it = the closing value of stock market index i on day t; and I it-1 = the closing value of stock market index i on day t-1.
Then, we next performed Augmented Dickey-Fuller unit root tests on each series and were able to determine statistically that all daily stock returns meet the classical time series condition of being stationary in fi rst difference. Table 2 displays the descriptive statistics of the daily returns for each of the national stock market indexes. As shown, the Bucharest SE index has the highest mean daily return (0.1033%) with the highest standard deviation of daily returns (1.8429%), whereas the German DAX index had the lowest mean daily return (0.0002%) with a standard deviation of 1.6505%. In addition, we note that daily stock returns in the Bulgarian market experienced high volatility with a daily standard deviation of 1.8420%, a daily maximum-minimum return range of 42.31%, and a mean daily return of 0.0720%. We also estimated correlation coeffi cients among stock returns of CEE countries, France, and Germany for the entire sample period and the results are presented in Table  2a . We note, as one would expect, that there is a strong correlation between daily returns for the two Romanian stock indexes (the BSE index and BSE composite index), and between the stock indexes of Germany and France (the DAX and CAC). One interesting fi nding, however, is the very low correlations between Slovakian stock returns and returns from the other stock indexes during the 10-year period. In order to determine whether correlation patterns are stable over time, we divide our full sample into two sub-sample periods: a) pre-May 2005 and b) post-May 2005 based on the midpoint of the sample period. To identify the date of this division, we use standard Chow (1960) breakpoint tests of structural stability, which are discussed below. We then estimate correlation coeffi cients separately for each sub-sample period and the results are displayed in Tables 2b and 2c. As shown, the correlation coeffi cients among stock returns generally increased in post-May 2005 subsample, compared to the pre-May 2005 sample. The only exception is the case of correlations between the Slovakian and French, German, and Polish stock market returns, which show a decline in the later sample period. This fi nding provides some evidence of stronger fi nancial integration among these continental European stock markets over time and specifi cally following the expansion of the EU to include CEE countries. 
Methodology
In order to examine the interdependency, the nature of the transmission of information, and the integration among the stocks markets being studied, we follow a procedure used by Ajayi, Mehdian and Perry (2010 
R it = the daily returns on each CEE stock market i on day t; C 0 = the constant term; a i and b i = lead and lag coeffi cients from one to three days correspondingly; R k = the daily returns on the German or the French stock market; j = the number of leads or lags, from one to three days; and it = a random error term. The coeffi cients a i measure the reaction of CEE stock markets to ex-ante price shocks in the stock markets of Germany and France, while the coeffi cients b i measure responses of the CEE stock markets to concurrent and ex-post price shocks from the German and French stock markets.
To test for the stability of the response patterns of CEE stock returns over time, we perform standard Chow breakpoint tests of structural stability of Equation (1 . We then estimate Equation (1) for each subsample separately and compare the coeffi cients (a i1 to a i2 , and b i1 to b i2 ) in each period to check for the structural stability of the model over time. The null hypothesis of the equality of the coeffi cients over both subsamples (1 and 2) is as follows:
The alternative hypothesis is that the coeffi cients are signifi cantly different in the two subsample periods. A standard F-test is used to test for inter-temporal structural stability of the estimated coeffi cients over both subsamples.
In order to identify which Western continental European stock market, Germany or France, has more infl uence over the CEE stock markets, we modify Equation (1), to include daily stock returns from Germany and France as additional independent variables:
R it = the daily return of each CEE market i on day t; a, c, b and d = coeffi cients to be estimated; R G and R F = the daily returns of the German DAX and French CAC stock market indexes on day t, respectively; j= the number of leads or lags, from one to three days; and it = a random error term.
The values of the estimated coeffi cients of Equation (2) determine and measure which stock market, Germany or France, if either, has a greater infl uence on the daily returns for the CEE stock markets. The estimation will empirically test the null hypothesis below, that the sum of the estimated coeffi cients for Germany (a and c) is equal to the sum of those for France (b and d) . If the null hypothesis below is rejected, it would suggest that the infl uences of Germany and France on the CEE markets are not equal. 
In order to determine whether there is a transmission of volatility from the German and/ or French stock markets to the CEE equity markets, we use the following GARCH (1, 1) model: R it = the daily return of market i of CEE area on day t; L = the lag operator; h t = the conditional variance corresponding to CEE stock market returns; R G and R F = the stock market returns of Germany and France, respectively;
, α, , = vectors of parameters to be estimated; and t = a random error term. The requirements for the conditional variance to be stable are α 0 > 0, α 1 ³ 0, 1 ³ 0, and α 1 + 1 < 1. We added daily returns of Germany and France in the models in order to incorporate the associated volatility leakages. The sum of the estimated coeffi cients (α 1 + 1 ) measures the persistence of volatility reaction to the price innovations. The closer the value of (α 1 + 1 ) is to a value of 1, the more persistent are the volatility shocks.
On the other hand, if G > 0, then the results would indicate the presence of price innovations from Germany. If F > 0, the results would imply spillover effects from France. In general, if the estimated coeffi cients G and F are both positive, then the persistence level of volatility (α 1 + 1 ) should decline as the GARCH effects capture the second moment impact of the external shocks.
Finally, to examine the dynamics of interdependency of the daily returns between: a) Germany and France, and b) the CEE countries, we use a Vector Autoregressive model (VAR) with the following form:
R t = the daily return of each country under study on day t ; and R G and R F = daily returns on German and French stock indexes, respectively, treated as endogenous variables.
As can be seen in Equation (7), the return of a CEE national stock index is not only a function of its own lagged returns, but also a function of lagged returns from the German and French stock markets. One advantage of VAR models is that they provide an opportunity to investigate the reaction of each CEE stock market to its own price shocks and the price innovations from Germany and France as well. Empirically, the variance decomposition series assesses the interdependency between the markets to the extent that one market reacts to the price shocks and innovations from other markets. In this paper, we focus on the interdependency between each of the CEE markets and Germany and France, and the infl uences and effects of price innovations of these two countries of the Continental Europe on CEE equity markets. Table 3 displays the estimated coeffi cients of Equation (1) for each of the CEE countries using a maximum likelihood approach over the entire sample from January 10, 2000 to September 30, 2010 (except for Bulgaria, which is October 23, 2000 to September 30, 2010).
Empirical Results
While the results generally indicate no major pattern of CEE responses to price shocks from Germany and France, we observe some statistically signifi cant contemporaneous and lagged reactions from the CEE markets to price innovations and external shocks from Germany and France, with the exception of the Slovakian stock market. In the case of the Slovakian market, only one coeffi cient is signifi cant (besides the intercept), which is the lead infl uence from daily returns in Germany. This fi nding for Slovakia is consistent with earlier results of the correlation analysis, in which we detected very little correlation between the Slovakian market and the other markets under study. Additionally, Bulgaria, Hungary, Poland, Romania and Slovakia show statistically signifi cant reaction to lead price innovations from Germany in three cases and France in one case. On the other hand, we detect statistically signifi cant response to lagged innovations from stock markets in Germany and France in the case of stock markets in the Czech Republic, Hungary, and Poland.
To examine the reactions of CEE stock markets to shocks from the stock markets of Germany and France further, we partition our sample into two subsamples. The fi rst half of the sample runs from January 10, 2000 to May 20, 2005 , and the second half is from May 21, 2005 to September 30, 2010 (except for Bulgaria where the break point is October 10, 2005). We then re-estimate Equation (2) for each country, and the results are displayed in Tables 3a and 3b . As the fi gures of Table 3a suggest, in the fi rst period, only the stock markets of the Czech Republic, Hungary and Poland demonstrate statistically signifi cant responses to contemporaneous and lagged innovations from the stock markets of Germany and France. However, the exception is the Bucharest SE composite index, which shows a reaction to lagged innovations and Hungary, and exhibits responsiveness to lead innovations from Germany's stock market. Again, no responsiveness is observed from the Slovakian stock market to innovations from either the German or the French stock market in the fi rst period. Coei cients in bold are statistically signii cant at the 1%, 5% or 10% level.
According to the results displayed in Table 3b , during the second period, from mid-2005 to September 2010, all CEE stock markets in the sample, except for Slovakia, demonstrate statistically signifi cant responsiveness to the contemporaneous, lead and lagged innovations from daily stock price innovations in Germany and France. We note that these countries respond equally to price innovations from Germany and France, while they react more to the contemporaneous and lagged price shocks in these countries. It is interesting to note that the Romanian stock market during the fi rst period displays no signifi cant reaction to any price innovations from the stock markets of Germany or France (only lagged coeffi cients are signifi cant),while in the second period it displays signifi cant responsiveness to contemporaneous, lead and lagged market developments from both markets. In sum, the differences in the results in Table 3a and Table 3b indicate signifi cant integration and increasing dependency among the stock markets of the Eastern and Western continental European countries, except for the Slovakian stock market.
In order to test whether the estimated coeffi cients given in Table 3 are structurally stable over time, we performed Chow breakpoint tests, as explained in the Methodology section. Table 4 displays the sample midpoint that is used as the breakpoint, and the results of the Chow tests. As can be seen, we rejected the H o of structural stability over time and the hypotheses that the slopes, intercepts, and the overall regressions are the same over the entire sample, in favour of the alternative hypothesis that they are significantly different in the two periods. These fi ndings validate our decision to break the full sample into two sub-periods and re-estimate Equation (2) as we did, with the empirical results presented in Tables 3a and 3b . The test of the null hypothesis that the slopes, intercepts, and the overall regressions are the same intertemporally over the entire sample against the alternative hypothesis that they are dif erent.
*** Signii cant at the 1% level and ** Signii cant at 5% level. Based on the results in Table 5 , we cannot reject the null hypothesis that the cumulative lead and lag coeffi cients are the same for Germany and France, except in the case of both Romanian stock market indexes. This suggests that there are statistically significant differences between the relative impact of Germany and France on Romanian equity markets, while these differences are not signifi cant for the other countries. Table 6 provides the maximum likelihood estimates of GARCH (1, 1) models where price innovations from German and French market are assumed to affect the volatility of returns in the CEE stock markets. The results in this table include estimates of the GARCH coeffi cients (α 1 and 1 ) and spillover coeffi cients for the stock market returns in Germany and France ( G and F ). In the light of the results in Table 6 , the volatility spillover coeffi cients are in general smaller than the GARCH coeffi cients α 1 , and 1 , but they are statistically signifi cant for all countries, except for Romania. The volatility spillover effects from France are slightly greater than those from Germany. In addition, the GARCH coeffi cients are statistically signifi cant and their sums in all cases, except in the case of Bulgaria, are extremely close to one, suggesting that volatility shocks are persistent. This leads us to believe in general that the German and French equity markets affect the conditional variance of daily returns in the CEE equity markets, and that there are signifi cant volatility spillover effects from stock market returns in Germany and France into the stock markets of the CEE countries. Table 7 contains the decomposition of forecast error variances of daily market returns in the CEE markets for 3, 5, and 10-day ahead forecasts. We performed this decomposition analysis by estimating the VAR model of Equation (7). The last three columns of Table 7 display the percentages explained of the total forecast error for each country included in the sample. The fi rst column of the last three columns shows the proportion of the forecast error accounted for by a country's own national stock market innovations, the next column shows the proportion of the forecast error accounted for by French stock market innovations, and the last column displays the share of the forecast error accounted for by German market innovations. The results in Table 6 imply that in all counties investigated, the national market price innovations account for more of the error variance, while France and German price innovations account for less of the forecast error variance. However, a closer examination of the fi ndings reported in Table 7 reveals that the relative infl uence of France is greater than Germany's, because French price innovations account for more of the error variance of the CEE countries than German price innovations.
Summary and Conclusions
We examined the transmission of fi nancial information across the stock markets of the Czech Republic, Hungary, Poland, Slovakia (which have all joined the European Union since 2004), and Bulgaria and Romania (EU members since 2007), in order to empirically investigate the degree of integration of these equity markets. We took into consideration the recent transformations in the European stock markets, including the increasing market trend towards more partnerships and acquisitions, and for expanding the regional infl uence in the CEE area.
To investigate the transmission of fi nancial information from the stock markets of Germany and France to the CEE stock markets, the effects of external price innovations and shocks across the equity markets under study, and the interdependency of the national stock markets, we employed three econometric models. These models were estimated using maximum likelihood regression, GARCH, and vector autoregression (VAR). In addition, we examined the relative importance and infl uence of the advanced equity markets of continental Europe (Germany and France) on CEE equity markets.
Our fi ndings confi rm that the CEE stock markets react to the arrival of price innovations from the equity markets of Germany and France. However, the pattern and nature of these reactions and responses are mixed across CEE markets. In addition, Slovakia was the only country in general that has maintained its independence from the infl uence of the stock markets of Germany and France, and has not experienced a signifi cant degree of integration. We speculate that the independence of Slovakia is due to its relatively low market capitalization compared to the other equity markets in the region, and the possible lack of interest from foreign investors to trade in this market. In addition, we found that intra-national market price innovations account for more of the error variance than external innovations from either Germany or France.
